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Abstract

Nightmare disorder is a prevalent parasomnia characterized by vivid and highly
unpleasant dream experiences during night time sleep. The neural background of
disturbed dreaming was proposed to be associated with impaired prefrontal and fronto-
limbic functioning during REM sleep. We hypothesized that the impaired prefrontal and
fronto-limbic functioning in subjects with frequent nightmares would be reflected at the
behavioral level during waking tasks as well. 35-35 subjects with frequent nightmares
and matched controls participated in Study I, invoiving an Emotional Go/NoGo, an
Emotional Stroop task, and a Verbal Fluency task. Nightmare subjects exhibited longer
reaction times in the Emotional Go/NoGo and Emotional Stroop tasks. Moreover, they
committed more perseveration errors and showed less fluent word generation in the
Verbal Fluency task. Nightmare subjects showed an overall slowing irrespective of the
valence of the stimuli. While the effects of sleep quality and waking anxiety were
associated to these deficits in some cases, these factors could not solely explain the
difference between the two groups. In Study 2, 17 subjects with frequent nightmares and
18 controls were compared by a Color-Word and an Emotional, block design Stroop
task in order to avoid the slow effects of emotional interference potentially caused by
previous items. Nightmare subjects were characterized by an overall slowing in the
Emotional Stroop task, irrespective of the valence of the stimuli. In the Color-word
Stroop task, nightmare subjects were not significantly slower in comparison with
controls. Our results suggest that individuals with frequent nightmares are impaired in

executive tasks involving the suppression of task-irrelevant semantic representations.
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1. Introduction

Idiopathic Nightmare sufferers frequently - at least once a week - experience
visually vivid, intense and disturbing dreams that involve fear, anxiety, anger, sadness,
disgust or other unpleasant emotions (Nielsen and Zadra, 2010). According to the
International Classification of Sleep Disorders, 2™ edition (ICSD-I11, 2005) these dream
disturbances end in abrupt awakenings. However, research on the nature of bad dreams
(disturbing dreams that do not awaken the dreamer) suggests that the awakening
criterion for nightmare disorder is unnecessarily narrow (Blagrove et al, 2004;
Spoormaker et al., 2006; Zadra and Donderi, 2000). Others proposed that disturbed
dreaming forms a continuum from normal dysphoric dreaming to post-traumatic
nightmares where the pressure for awakening varies as a function of situational and
dispositional factors as well (Levin and Nielsen, 2007; Levin et al., 2011).

Disturbed dreaming is associated with a variety of psychopathological
conditions (Agargun et al., 2007; Besiroglu et al., 2005; Krakow et al., 2002; Roberts
and Lennings, 2006; Semiz et al., 2008). These findings provide valuable data on the
comorbidity of mental disorders and dream disturbances, but cannot reveal the
mechanisms and emergence of disturbed dreaming per se because of the confounding
effects of waking pathology. While the psychiatric perspective assumes that nightmares
and bad dreams are “mere” symptoms of an underlying mental disorder, recent findings
suggest the nature of this relationship to be more complex (Lancee et al, 2010;
Spoormaker and Montgomery, 2008). For instance, some studies have failed to detect a
direct association between psychopathology and nightmare frequency (Levin and
Fireman, 2002; Levin and Nielsen, 2007), especially when mental disorders were

examined among a sample of frequent nightmare reporters (instead of the inverse,



investigating nightmare frequency in psychiatric populations) (Lancee et al., 2010). The
association between nightmares and mental complaints seems to be mediated by
nightmare distress, the affective and cognitive impact of nightmares on daytime
functioning (Belicki, 1992; Blagrove et al., 2004). Furthermore, nightmare frequency
was shown to be a stable disposition with high genetic heritability, which was
independent of the genetic influences of general waking anxiety (Coolidge et al., 2010).

These findings suggest that instead of the prevailing view of being a symptom of
waking dysfunctions, frequent nightmares should be conceptualized as a specific sleep
disorder (Spoormaker et al., 2006). Despite their relatively high prevalence (4-5%) in
the general population (Nielsen and Zadra, 2000), the underlying mechanisms of
nightmare disorder were only scarcely investigated (Germain and Nielsen, 2003;
Nielsen et al., 2010a; Nielsen et al., 2010b).

Recent findings indicate that sleep is intimately related to the processing and
probably to the regulation of affect-laden memories (Walker, 2009). Studies examining
sleep-dependent emotional memory consolidation indicate that emotional processing
may especially benefit from REM sleep (Nishida et al., 2009; Wagner et al., 2001;
Wagner et al.,, 2006). Moreover, REM sleep involves the intense activation of an
emotional network comprising the amygdala, the anterior cingulate and the
ventromedial prefrontal cortex (Desseilles et al., 2006; Maquet et al., 2005; Muzur et
al., 2002). Nightmares generally - but not exclusively - occur during REM sleep
(Spoormaker et al., 2006) suggesting that disturbed dreaming is an example of
dysfunctional emotional processing during REM sleep. In their integrative model, Levin
and Nielsen (2007) proposed that nightmares may be the consequence of the inefficient
down-regulation of amygdalar over-activation, and a failure to provide new

spatiotemporal contexts for the fearful emotional memories processed during REM



sleep. According to the model, the former dysfunction is related to impairments in the
ventromedial prefrontal and the anterior cingulate cortex, while the latter is related to
impaired hippocampal functioning. Furthermore, these impairments are related to the
failure in creating adaptive fear-extinction memories leading to emotional dysregulation
during sleep (Levin and Nielsen, 2009; Levin and Nielsen, 2007; Nielsen and Levin,
2007).

Recent findings on healthy subjects support the idea that sleep and especially
REM sleep has an important role in the generalization and consolidation of fear-
extinction memories, respectively (Pace-Schott et al., 2009; Spoormaker et al., 2010).
Nevertheless, no prior studies have examined fronto-limbic abnormalities and/or related
executive functions in subjects with frequent nightmares. We hypothesized that if
nightmare subjects were characterized by impaired prefrontal and fronto-limbic
functions during REM sleep, alterations in these networks would be reflected during
waking tasks as well. Therefore, the aim of our experiments was to test the
neurocognitive model of Levin and Nielsen (2007) through different

neuropsychological assessments of executive functions.

. Study 1

In order to examine the behavioral effects of impaired prefrontal and fronto-
limbic functioning in subjects with frequent nightmares, we applied a series of
neuropsychological tasks that were previously shown to rely on these brain areas.
Executive functions or cognitive control processes involving the manipulation of items
in working memory or the inhibition of prepotent but inappropriate response tendencies
are considered to activate mainly prefrontal and related neural structures (Botvinick et

al., 2004; Bush et al., 2000; Dillon and Pizzagalli, 2007; Garavan et al., 2002; Rueda et



al.,, 2005). In case of emotional information, such functions seem to activate more
specifically the ventrolateral and the ventromedial prefrontal, as well as the rostral
anterior cingulate cortex (Bremner et al., 2004; Bush et al., 2000; Chiu et al., 2008;
Lane et al., 1998; Wingenfeld et al., 2009).

In light of these findings and based on Levin and Nielsen’s (2007)
neurocognitive model presuming fronto-limbic impairments as the neural background of
disturbed dreaming, we anticipated that the nightmare (NM) group - in comparison with
the controls (CTL) - would show worse performance in different executive tasks, and
especially in those that require the processing of negative emotional information. In
order to test this hypothesis we applied three well-characterized paradigms, the
Emotional Go/NoGo task, the Emotional Stroop task and the Letter-and Category
Fluency task.

The Go/NoGo task is a frequently used paradigm to assay motor response
inhibition to perceptual stimuli (Aron et al., 2007). The task involves the presentation of
a series of “Go” cues to which subjects have to press a button as quickly as possible,
and “NoGo” cues that require the inhibition of this motor response. In the emotional
version of this task (Reynolds and Jeeves, 1978), emotionally salient (eg. happy and/or
angry faces) perceptual stimuli are interspersed with emotionally neutral stimuli (neutral
faces). The Emotional Go/NoGo task assesses response inhibition in the context of
affective information processing, allowing the investigation of perturbations in
emotional processing. Previous studies indicate that the Emotional Go/NoGo task
activates the ventrolateral prefrontal cortex in relation to response inhibition, while the
ventromedial prefrontal cortex and the rostral anterior cingulate cortex are activated in
relation to the processing of negative emotional information (Chiu et al., 2008; Dolcos

and McCarthy, 2006; Dolcos et al., 2006; Hare and Casey, 2005). Since the proper



functioning of these networks are reflected by the behavioral measures of reaction time
and accuracy (Hare and Casey, 2005; Waters and Valvoi, 2009), we hypothesized that
NM subjects — in comparison with CTLs - would be characterized by longer reaction
times and more false alarms, especially in the condition involving the inhibition of
negative emotional information (Neutral Go/AngryNoGo).

The Emotional Stroop task is a widely used tool to investigate attentional bias
and emotional interference caused by emotionally salient stimuli (MacLeod et al.,
1986). The task involves the presentation of neutral and emotionally charged stimuli
(eg. neutral and emotionally negative words) with different colors, and participants are
asked to press the button corresponding to the color of the word as quickly as possible.
Since the semantic content of the words are irrelevant for the task, subjects may
suppress distracting semantic representations, and focus only on the perceptual
information (the color) of the presented words. Emotionally charged words may
produce stronger interference, since they capture the attention more effectively than
neutral words, and may also require additional cognitive processes in order to suppress
the semantic content and also to regulate evoked emotional reactions. Consequently,
reaction times are generally longer for affect-laden words, especially in subjects who
are characterized by emotional dysregulation (Becker et al., 2001; Bremner et al., 2004;
Hope et al., 1990; Mattia et al., 1993). Brain imaging studies indicate that the Emotional
Stroop task is associated with enhanced activation in the amygdala, the anterior
cingulate cortex and the middle frontal gyrus (Bremner et al., 2004; Bush et al., 2000;
Whalen et al., 1998; Wingenfeld et al., 2009). In light of these findings, we expected
that NM subjects - in contrast to CTLs - would exhibit worse performance in the

emotional Stroop task, reflected by longer reaction times and/or more errors in the



trials involving negative emotional stimuli. In other words, we expected enhanced
emotional interference in the nightmare in comparison with the control group.

The Letter-and Category Fluency task is a classical neuropsychological task
generally used to measure executive functions in different clinical settings (Baldo and
Shimamura, 1998; Baldo et al., 2001; Curtis et al., 1998; Lezak, 2004; Moritz et al.,
2002). The task requires participants to generate as many different words as they can in
60 seconds, starting with a given letter (Letter Fluency) or belonging to a semantic
category (Category Fluency). The task is considered to engage different cognitive
processes such as working memory, cognitive flexibility and inhibitory control (Baldo
et al., 2006). Lower fluency and perseveration errors (repetitions) reflect executive
dysfunctions. Performance in the Letter-and Category Fluency task was related to the
frontal and the temporal cortex, respectively (Baldo et al.,, 2006), but other findings
indicate that both areas are implicated in the letter-based and category-based word
generation (Baldo and Shimamura, 1998; Schwartz et al., 2003). Since the task is
sensitive to a wide range of executive functions underlain by the prefrontal cortex, we
anticipated worse performance in the NM group in contrast to CTLs.

Furthermore, since performance in these three tasks may be influenced by
waking anxiety and sleep quality, we aimed to control the confounding effects of these

factors as well.

2.1. Methods and Materials
2.1.1. Participants

Participants (all native Hungarians) were selected from a large pool of
undergraduate students attending to different introductory psychology courses at the

Budapest University of Technology and Economics. First they completed an on-line



questionnaire assessing dream quality and a variety of personality factors. Findings on
the relationship between dream quality and personality were reported (Simor et al.,
2011a) and will be reported elsewhere. Dreaming-related questionnaires included the
Dream Quality Questionnaire (DQQ) (Bédizs et al., 2008), the Hungarian version of the
Van Dream Anxiety Scale (VDAS-H) (Agargun et al.,1999; Simor et al., 2009a) and a
7-point Likert scale with two items; one assessing the frequency of nightmares with
awakenings, and the other the frequency of bad dreams without awakenings (0 — Almost
never; | — once or twice a year; 2 — every 2-3 month; 3 — once in a month; 4 — twice a
month; 5 — once a week; 6 — more than once a week). Subjects of the nightmare group
were selected on the basis of the International Classification of Sleep Disorders, 2™
edition criteria and Levin and Nielsen’s (2007) model of disturbed dreaming, including
disturbed dreamers without abrupt awakenings. Moreover, after the first selection,
participants kept a 2-week daily dream-log, and rated the emotional quality of their
reported dreams based on the items of the DQQ (Bodizs et al., 2008). Subjects reporting
one or more nightmares or bad dreams per week in the retrospective questionnaires and
in the dream-logs were enrolled in the NM group, while individuals having less than
two nightmares and bad dreams during the last year, and no nightmares and bad dreams
at all in the 2-week dream-log period were enrolled in the CTL group. Subjects were
thoroughly interviewed about their negative dream experiences and the content of their
reported dreams. Those subjects who reported the onset of negative dream experiences
in relation to a traumatic event or indicated that their reported dreams were related to a
prior trauma (such as physical attack, accident, sudden death of a close relative, etc.)
were excluded from the study. Finally, 35 (21 female and 14 male} NM (Mg = 20.5
1.8 y) and 35 (21 female and 14 male) CTLs (Mag = 20.1 £ 1.34 y) were selected. (The

difference in age was not significant between the two groups: F; ¢s= 1.5 p = 0.23) None



of the subjects reported prior neurological, psychiatric or sleep disorders or prior history
of any chronic disease. NM subjects scored higher on the Nightmare Frequency Scale
(NM: 5.52 + 1.46 vs CTL: 1.54 + 0.66; Fies =, p < 0.0001), on the Bad Dream
Frequency Scale (NM: 5.61 + 1.48 vs CTL: 1.77 = 0.8; Fi =, p < 0.0001), on the
Negative Dream Affect Scale of the DQQ (NM: 87+0.75vs CTL: 4.4 £0.79; F1 3=
557.03, p < 0.0001) and on the VDAS-H (NM: 19.5 + 7.6 vs. CTL: 0.26 + 0.78; F 3=
221.6, p < 0.0001), indicating at least moderately severe dream disturbances (Bodizs et
al., 2008; Simor et al., 2009a).

The study protocol was approved by the local ethical review board of the
Budapest University of Technology and Economics. Subjects were told that the aim of
the study was the investigation of the relationship between dreaming and cognitive
processes. The subjects received partial credit points in the introductory psychology

course as compensation for their participation. Written informed consent was obtained.

2.1.2. Procedures
Subjects completed the psychometric measures and neuropsychological tasks in

a noise-attenuated room. The order of the tasks was fixed for all subjects.

2.1.2.1. Psychometric Measures

The Dream Quality Questionnaire (Bédizs et al., 2008) includes 11 items
assessing the tendency of experiencing nightmares with recurrent or non-recurrent
content; the vividness, bizarreness and emotional load of dreams; the effect of dreams
on daytime mood and the frequency of having night-terror-like symptoms. The measure
contains three main components: the negative, positive and the neutral emotional

aspects of dreams. According to previous results the DQQ proved to be a valid



instrument measuring the above qualities of dreaming (Bédizs et al., 2008). Since the
present study focused on the aspects of disturbed dreaming, we only analyzed the data
regarding the Negative Dream Affect Scale of the DQQ.

The Van Dream Anxiety Scale (VDAS) (Agargun et al., 1999) provides
information about nightmare frequency and dream anxiety (nightmare distress) caused
by frightening dreams. The items of the self-rating scale are concerned with nightmare
frequency and the maleficent effects of nightmares on daytime functioning. Items are
weighted on a 0—4 scale and summed to yield a global VDAS score of 0-52. The
Hungarian version of the scale proved to be a reliable (a = 0.96) and valid instrument in
order to measure dream anxiety {(Simor et al., 2009a). Internal consistency of the VDAS
was excellent in previous studies (o = 0.91) (Simor et al., 2011b).

In order to control for the effects of sleep quality, the Hungarian version of the
Groningen Sleep Quality Scale (GSQS) (Simor et al., 2009b) was used. The 14-item
questionnaire measures the extent of subjective sleep fragmentation by a binary scale.
The internal reliability and validity measures of the scale indicated that the
questionnaire was an adequate tool for assessing subjective sleep quality (Simor et al.,,
2009b).

The STAI (Spielberger et al., 1970) is a widely used self-report instrument that
differentiates between the temporary condition of state anxiety and the longstanding
quality of trait anxiety. We used the 20-item Hungarian version of STAI trait anxiety
questionnaire (STAI-T) in order to assess general levels of anxiety (Sipos et al., 1994).
The questionnaire proved to be a valid tool for the measurement of trait anxiety,

showing excellent internal consistency in different studies (Kdteles et al., 2011).

2.1.2.2. Emotional Go/NoGo task



In a computerized version of the Emotional Go/NoGo task we used pictures of
faces with neutral, angry and happy facial expressions. 56 faces were selected from
multiple open-source face-databases and were rated previously by 30 subjects. (These
subjects where different from our study participants). They indicated which expressions
they thought a particular face has and also estimated the typicality of that particular
facial expression for the given emotion. We selected seven faces for every category with
the best inter-rater agreement and highest typicality-ratings. These faces appeared on a
screen against a black background during the task.

The task consisted of four blocks with 60 trials in each. In every trial, a
randomly selected picture from one of the three facial-expression categories was
presented. The four blocks differed in respect of which facial expression constituted a
Go or a NoGo cue. In the first block during a Go trial a neutral face, whereas during a
NoGo trial an angry face was presented. By contrast, in the second block neutral faces
were designated as NoGo trials, and angry faces were set to Go trials. The design of the
third and fourth block was analogous to the first two blocks except that here the angry
faces were replaced by happy faces. Thus, in the four blocks, both angry and happy
faces were associated with both Go and NoGo trials.

From the 60 trials in every block, 42 constituted a Go trial whereas 18 were
NoGo trials. Every picture was presented for 1000 msec, and the pictures were
separated by a pause of 500 msec. Subjects were asked to give accurate responses as
fast as possible. Subjects underwent a practice phase of 10 trials before the task. The

order of the four conditions was randomized across the subjects.

2.1.2.3. Letter-and Category Fluency task



In the Letter Fluency task, participants had to generate as many words as they
could in 60 seconds beginning with the letter F. They were asked to avoid repetitions of
a previously mentioned word or word stem, and to avoid proper names. Subjects were
subsequently asked to generate words beginning with the letters A and S. The words
were written down by an assistant blind to the group membership of the subjects.

In the Category Fluency task, subjects were given 60 seconds to generate words
belonging to the semantic categories Hungarian male names, and then, Hungarian
female names. Similarly, they were asked to avoid repetitions and nicknames of a
previously mentioned name. Fluency was calculated by summing the number of the
correct solutions. Perseveration was calculated by the number of repetitions/(number of

correct + number of incorrect (repetitions, errors) responses).

2.1.2.4. Emotional Stroop task

During the Emotional Stroop task subjects were sitting in front of a computer
screen, where different words were presented against a black background. The font
color was randomly set to one of the following four colors: red, blue, green and yellow.
Subjects had to indicate the color of the word — as fast as possible - by pressing a key on
the keyboard assigned to the specific color. The task consisted of 4 blocks, with the
same 30 words presented in each block following a fully randomized sequence, and the
words were separated by a pause lasting randomly between 300 and 1200 msec.

Half of the words had intense negative valence, whereas the other half were
neutral. Subjects practiced with 10 neutral words before performing the task. The words
were selected from a 480-word pool, each rated by 54 subjects in a pilot study on the

following dimensions: arousal, valence and dominance. (The subjects who rated the



words were different from our study subjects). The selected 30 words were matched in

respect to valence (neutral or negative) and word frequency.

2.1.2.5. Data Analysis

Mean scores of the two groups (NM vs. CTL) in the GSQS and the STAIL-T
questionnaire were compared with the Welch test and with independent t-test,
respectively. {We applied the Welch test if the criterion for the homogeneity of variance
were violated.) Reaction times of the correct responses in the Emotional Go/NoGo task
were compared using repeated measures ANOVAs with Group (NM, CTL) as a
between-subject factor and Valence (angry vs. happy faces) as a within-subject factor.
In order to measure the differences in accuracy, sensitivity scores (D-prime value: D' =
Z(hit rate) - Z(false alarm rate) of the two groups in the Go/NoGo task were compared
with oneway ANOVA. To compare mean reaction times for correct responses in the
Emotional Stroop task we used repeated measures ANOVA with Group as a between-
subject factor and Valence (neutral vs. negative words) as a within-subject factor. The
number of etrors in the Emotional Stroop task between the two groups was compared
with oneway ANOVA. To control the possible mediating effects of sleep quality and
waking anxiety on the neuropsychological task performance, we also analyzed the same
between-and within subject effects by using the GSQS and the STAI-T scores as
covariates in the repeated measures ANCOVAS. In order to compare performance in the
Letter-and Category Fluency task controlling for the effects of anxiety and sleep quality
we applied a MANOVA analysis with Fluency and Perseveration scores as the
dependent variables, Group as a between-subject factor, and subsequently a
MANCOVA with the same variables but also with the STAI-T and GSQS score as

covariates in the model.



2.2, Results
2.2.1. Psychometric tests

The NM group scored higher (M = 5.29 + 3.2) than the CTL group M=206=
2.2) on the GSQS, showing worse subjective sleep quality (teo = 24.37, p < 0.0001), and
on the STAI-T, showing higher levels of dispositional anxiety (M = 49.2 + 9.1 vs. M=

342 + 8 tgg = 7.29, p < 0.0001).

2.2.2. Emotional Go/NoGo task

In the condition where emotional stimuli were the targets and neutral stimuli the
distractors (Angry Go/Neutral NoGo vs. Happy Go/Neutral NoGo) a significant main
effect of Valence emerged (F gz = 47.67, p < 0.0001) due to slower reaction times (ms)
for Angry targets vs. Happy targets (Mangry targets = 472.2 &+ 71.36 VS. Muappy targets = 425 £
55.73). Neither the effect of Group (NM vs. CTL) nor the interaction of Group x
Valence reached significance (Fy¢5=0.96,p =0.34; F; 65 =0.0l,p= 0.92; respectively).
After controlling for the effects of sleep quality (using the GSQS as covariate), the
effect of Valence (Fy¢7 = 15.7, p < 0.0001) remained significant; but after controlling
for trait anxiety (using the STAL-T as the only covariate), Valence showed only a trend
(F1,67=3.66, p = 0.06). The main effect of Group and the interaction between Group and
Valence remained non-significant after controlling for sleep quality (Fie7 = 1.43, p =
0.31; Fi67= 0.19, p = 0.89; respectively) or trait anxiety (Fi67=0.7, p = 0.79; F1 67 =
0.09, p = 0.77; respectively).

In the condition involving inhibition in response to emotional stimuli (Neutral
Go/Angry NoGo vs. Neutral Go/Happy NoGo) a significant effect of Valence emerged

(Fy63 = 11.53, p = 0.001) due to longer reaction times for Neutral targets with Angry



distractors vs. Neutral targets with Happy distractors (Mangry distractors = 485.24 £ 62.02 vs.
Mhappy distractors = 467.08 £ 55.33).

The main effect of Group yielded a trend difference (Fy 3= 3.78, p = 0.056) due
to longer reaction times in the NM (Mangy distractors = 497.32 % 64.19; Mhappy distractors =
479.64 £ 52.69) compared to the CTL group (Mangry distractors = 472.39 =+ 58.03; Mhappy
distractors = 454.13 £ 55.79). Contrary to our hypothesis, the interaction between Group
and Valence was not significant (Fj¢s = 0.01, p = 0.93). After controlling for sleep
quality, the main effect of Valence (F 7= 3.89, p = 0.053) and Group (F,67=3. 52,p =
0.064) showed a trend, but after controlling for anxiety, both effects became non-
significant (Fy 7= 0.07, p = 0.74; Fi ¢7= 1.04, p = 0.31; respectively).

In order to compare the sensitivity index between NM and CTL group, we
compared the mean D-prime (D’) values between the two groups. Mean scores of D’
values (that were very high, ranging from 3.5 to 3.9 in the different conditions) for each
condition were not significantly different between the NM and the CTL group (Fi 63 =

0.24, p=0.62; F1 g3 = 111, p=0.29; Fy 63 =0.01, p = 0.94; Fy 3 = 0.1, p = 0.92).

2.2.3. Emotional Stroop task

In the Emotional Stroop task there was a significant main effect of Valence (F s
=7.14, p < 0.01) due to longer mean reaction times (in ms) in response to negative (M =
688.3 + 59. 06) in contrast to neutral words (M = 678.76 + 77. 53). NM group showed
significantly (F1 ¢ = 10.39, p = 0.002) longer reaction times (Mneutral = 707.14 + 86.44,
Muegative = 709.58 £ 60.67) than the CTL group for both types of stimuli (Mpeutral =
651.19  56.41; Mpeguive = 667.63 * 50.1). (See Figure 1). The interaction of Group x
Valence showed a marginal effect (F) g6 = 3.92, p = 0.052). Parsing of this interaction

(by examining the performance of the two groups separately) revealed a significant



within-subject effect of Valence in the CTL group (F;34=31.96, p < 0.0001), but not in
the NM group (F 34= 0.14, p = 0.71). Contrary to our expectations, mean reaction times
in the NM group were not different for neutral and negative words. In contrast, the
CTLs were faster in response to neutral words than to negative words. After controlling
for sleep quality and/or anxiety (by using GSQS and subsequently STAI-T as
covariates), the main effect of Group remained significant (Fy 6 = 6.11, p = 0.016) and
the interaction of Group x Valence showed a significant effect (Fi g6 = 5.2, p = 0.026).
In contrast, the effect of Valence was no longer significant (Fi¢s=0.19, p =0.89). The
effect of Valence was not significant even after controlling for sleep quality and anxiety
independently. Nevertheless, the interaction of Valence x sleep quality was significant
(FLes = 4.15, p = 0.04), indicating longer reaction times for negative words in case of
more fragmented sleep. The mean number of errors (ranging between 0.9 to 1.2) of the
neutral and the negative trials in the Emotional Stroop task did not differ significantly
between the NM and CTL group (Fies = 0.18, p = 0.67; Fies = 0.49 p = 0.49,

respectively).

2.2.4. Letter-and Category Fluency task

The between subject Group had a significant main effect on Perseveration scores
(Fi168 = 11.47, p < 0.0001) because of the significantly higher scores of perseveration
errors in the NM (M = 0.4 £+ 0.32) compared with the CTL group (M = 0.18 £ 0.23).
Regarding Fluency the effect of Group was not significant (F gz = 0.04, p = 0.85). After
controlling for trait anxiety and sleep quality, the effect of Group on Perseveration
remained significant (F, s = 6.33, p = 0.003) and Fluency showed a trend difference
between the groups. (See Table 1) While sleep quality was not related to the

performance in the Fluency task, higher levels of trait anxiety were associated with



lower fluency scores. (Subsequent analysis indicated that the STAI-T scores correlated

negatively with the Fluency scores: Pearson r = - 0.26, p = 0.03).

2.3. Discussion of Study 1

In our first study we aimed to characterize executive control processes in a group
of young subjects with frequent nightmares and healthy controls by two tasks involving
affect-laden stimuli (Go/NoGo and Stroop) and one without emotional information. We
showed that NM subjects by comparison with the CTL group exhibited worse
performance in these executive tasks. Moreover, lower performance in these tasks
cannot be attributed exclusively to the effects of waking anxiety or disturbed sleep.

In the Emotional Go/NoGo task, subjects of both groups showed increased
response time when the stimuli included negative emotional information (angry faces)
as targets, as well as distractors; suggesting that identifying or suppressing threatening
stimuli requires additional attentional resources in comparison with neutral or positive
emotional stimuli.

The performance of the NM and CTL group did not differ regarding identifying
emotional faces among neutral distractors, but NM subjects exhibited slightly increased
response time to neutral target faces embedded among emotional distractors. This
finding dovetails with previous studies indicating that this identifying process requires
enhanced attentional resources (Chiu et al., 2008), and resembles the findings of a
similar study examining children with anxiety disorders (Waters and Valvoi, 2009).
Interestingly, this relative slowing in the NM group was also present in case of neutral
targets embedded among positive (happy faces) distractors. This indicates that the lower

performance of disturbed dreamers was independent of the valence of the distractors.



Nevertheless, the general slowing pattern in NM subjects was influenced by trait
anxiety but not by poor sleep quality.

Accuracy did not differ between NM and CTL subjects, probably because the
task was relatively easy for the subjects as evidenced by the high D-prime values.

In sum, the results of the Emotional Go/NoGo task partially supported our first
hypothesis anticipating worse performance in NM in comparison with CTL subjects.
While accuracy was not different in any condition between the two groups, NM subjects
were slightly slower in responding to neutral stimuli among emotional distractors,
suggesting that individuals with frequent nightmares require additional cognitive efforts
for emotion-modulated response inhibition. Nevertheless, the disadvantage for NM
subjects disappeared if we controlled the effects of trait anxiety, suggesting that not
nightmare disorder per se, but the higher levels of waking anxiety are associated to
weaker performance in the Emotional Go/NoGo task.

In accordance with previous studies (Becker et al., 2001; Hope et al., 1990;
Mattia et al., 1993), we found significantly longer reaction times for negative words in
contrast to neutral words in the Emotional Stroop task. However, only CTL subjects
showed this relative slowing in response to negative words, whereas NM subjects were
characterized by similar reaction times for negative and neutral words contrary to our
expectations. The NM in comparison with the CTL group showed significantly longer
reaction times for negative and neutral words as well. This finding partially supports our
second hypothesis claiming longer reaction times in NM subjects, but the specific
sensitivity of NM subjects in response to negative words was not supported. On the
contrary, NM subjects exhibited an overall slowing pattern in the Emotional Stroop
task, irrespective of the valence of the stimuli. Furthermore, this slowing was not a

function of trait anxiety or disturbed sleep, but an independent characteristic of the NM



group. This finding is in accordance with previous studies examining individuals with
Borderline Personality Disorder (Wingenfeld et al., 2009) and Posttraumatic Stress
Disorder (Bremner et al., 2004) - two conditions associated with disturbed dreaming
(Mellman et al., 2001; Simor et al., 2010) - showing similar patterns of overall slowing
in Emotional Stroop paradigms. Nevertheless, our findings indicating emotional
interference in CTL but not in NM subjects still require further considerations. We
assumed that the lack of emotional interference in the NM group was due to the design
of our Emotiona! Stroop task. Since we applied a mixed set of neutral and negative
words that were presented randomly in the same block, a slow effect of emotional
interference might have confounded our results. Emotionally charged, negative words
may exert a slow effect, and thus, interfere with the processing of subsequent neutral
trials as well (McKenna and Sharma, 2004; Phaf and Kan, 2007). Therefore, the
emotional interference caused by the negative words might have increased the response
time not only for the negative but for some neutral words as well. If NM subjects were
specifically sensitive to negative emotional information, in this group, a slow effect of
emotional interference might have influenced response time for the neutral trials as
well. Given these considerations, in our second study (see section 3) we applied an
Emotional Stroop task with block design.

In contrast to reaction times, accuracy did not differ between the two groups,
both committing a low number of errors.

Finally, we found that poor sleep quality was related to less efficient processing
of negative words. This finding is in accordance with previous studies showing
increased sensitivity for emotional information in sleep deprived subjects (Franzen et

al., 2009; Tempesta et al., 2010). Increased sensitivity and attentional bias for negative



words might require additional cognitive resources in order to suppress the semantic
content of the stimuli.

In sum, NM subjects showed impaired performance in the Emotional Stroop
task, reflected by an overall increase in response time. This general slowing was not
explained by trait anxiety or by disturbed sleep. Nevertheless, the lack of emotional
interference in the NM group called for further investigations.

Results of the Letter-and Category Fluency task supported our third hypothesis
expecting worse performance in NM compared to CTL subjects. NM subjects,
compared to CTLs were characterized by slightly less fluent word generation and a
notably higher number of perseverations, even after controlling for the effects of sleep
quality and trait anxiety. While trait anxiety was associated to lower performance in
word generation, the higher number of perseverations in the NM group was independent

of the effects of anxiety.

Study 2

In our first study NM subjects in comparison with CTLs exhibited longer
reaction times in the Emotional Stroop task irrespective of the emotional nature of the
stimuli. Nevertheless, the presentation of neutral and negative words in mixed design
might have confounded our results due to the slow effect of negative emotional stimuli
(McKenna and Sharma, 2004). In order to test this assumption we examined a new
nightmare group and healthy controls by using an Emotional block design Stroop task.
We hypothesized that both groups would be slower in response to negative words than
to neutral ones, but NM subjects would exhibit increased emotional interference

(increased response time for negative vs. neutral words) in comparison with CTLs.



Moreover, in order to test if NM subjects show lower performance in the Stroop
task regardless of the emotional nature of the stimuli, we applied the Color-word Stroop
task (Stroop, 1992). This classic Stroop task has been widely used for evaluating
executive functions (Leung et al., 2000; Zysset et al., 2001). In the Color-word Stroop
task subjects are required to press a button corresponding to the color of the stimuli. In
the incongruent condition, subjects are asked to press the button corresponding to the
color of the stimulus which is a color word different from the stimulus (eg. the word
“blue” in yellow font); in the congruent condition the color word is presented with a
matching color; and in the neutral condition subjects are asked to respond to a control
(eg. XXXXX) stimulus. In the incongruent condition the semantic representation of the
word must be inhibited in favor of the perceptual characteristic of the stimulus. Brain
imaging studies of the Color-word Stroop task indicate that the conflict resolution in
this condition is associated with enhanced activation in the dorsolateral prefrontal cortex
and in the dorsal anterior cingulate cortex (Banich et al., 2000; Bush et al., 2000;
Milham and Banich, 2005; Milham et al.,, 2002). Since the task requires executive
functions relying on prefrontal structures, we anticipated that NM subjects - compared
to CTLs — would exhibit worse performance in the incongruent condition of the Color-
word Stroop task. Similarly to Study 1, we controlled the effects of trait anxiety and

sleep quality.

3.1. Methods and Materials
3.1.1. Participants

19 (7 female and 12 male) NM (Mage = 19.9 £ 1.3 y) and 17 (8 female 9 male)
CTL subjects (Mage = 19.8 £ 1.3 y) were selected by the procedure described in study 1

(see section 2.1.1). (Both groups comprised a new sample as none of these subjects



participated in Study 1.) The difference in male-female ratio was not significant
between the groups (3¢ = 0.39, p = 0.53). None of the subjects reported having prior
neurological, psychiatric or sleep disorders or prior history of any chronic disease. None
of them reported traumatic experiences such as physical attack, accident, the sudden
death of a close relative, etc. NM subjects scored higher on the Nightmare Frequency
Scale (NM: 4.21 + 1.84 vs CTL: 1.59 £ 0.71; Fi34 = 30.28, p < 0.0001), on the Bad
Dream Frequency Scale (NM: 5.74 = 1.24 vs CTL: 1.65 £ 0.86; F34 = 128.96, p <
0.0001), on the Negative Dream Affect Scale of the DQQ (NM: 9.02 & 1.47 vs CTL: 5.5
+0.94; F) 3= 71.63, p < 0.0001), and on the VDAS-H (NM: 15.1 £ 9.34 vs. CTL: 0.29
+0.85; F 3= 42, p < 0.0001), indicating at least moderately severe dream disturbances
(Bédizs et al., 2008; Simor et al., 2009a).

The study protocol was approved by the local ethical review board of the
Budapest University of Technology and Economics. Subjects were told that the aim of
the study was the investigation of the relationship between dreaming and cognitive
processes. The subjects received partial credit points in the introductory psychology

course as compensation for their participation. Written informed consent was obtained.

3.1.2. Procedure

Subjects completed the Groningen Sleep Quality Scale (GSQS), the STAI-T
questionnaire (see section 2.1.2.1) and the Stroop tasks in a noise-attenuated room. The
order of the tasks (first the Color-word and then the Emotional Stroop task) was fixed

for all subjects.

3.1.2.1, Color-word Stroop task



We used a computerized version of the Color-Word Stroop task. There were
three conditions: neutral, congruent and incongruent. In all conditions words or letters
were presented with various font colors, and subjects had to indicate the color of the
stimuli by pressing - as fast as possible - one of the four predefined keys.

The task consisted of three blocks after a short practice phase. In each block,
there were 32 trials of the control condition (a row of five “Xs”), followed by 32 trials
of the congruent (eg. “RED” with red font color), and 32 trials of the incongruent
condition (e.g. “RED” with blue font color). This yielded a total of 96 trials for all three
conditions. The trials were separated by a random pause that lasted between 300 and

1200 msec.

3.1.2.2. Emotional Stroop task (Block design)

The Emotional Stroop task was similar to the one used in Study 1. We presented
subjects with neutral and negative words with different font colors, and they had to
indicate the color of the words by pressing a predefined key on the keyboard. However,
in contrast to Study 1, we increased the number of the presented words to 32 neutral and
32 negative words. Moreover, we used a block design: first, 32 neutral words were
presented which were followed by 32 negative words. This sequence was repeated three
times. The order of the 32-32 neutral and negative words was randomized in every
block, but the 32 neutral words came always before the 32 negative words. The duration

of the inter-trial pause was set to a random value between 300 and 1200 msec.

3.1.2.3. Data Analysis
Mean reaction times for correct responses in the Emotional Stroop task were

compared with repeated measures ANOVA with Group as a between-subject factor and



Valence (Neutral vs. Negative) as a within subject factor. Similarly, in the Color-word
Stroop task Group served as a between-subject factor and Condition (Control vs.
Congruent vs. Incongruent) as a within-subject factor. The number of errors between the
two groups was compared by oneway ANOVA. To control the possible mediating
effects of sleep quality and waking anxiety on the neuropsychological task performance,
we also analyzed the same between-and within subject effects by using the GSQS and
the STAI-T scores as covariates in the repeated measures ANCOVAs. Since the set of
stimuli in the Emotional Stroop task in contrast to the Color-Word Stroop task includes
longer words (eg. bicycle vs. red), differences in word reading abilities may influence
reaction times. Therefore, in order to control the confounding effects of word reading
speed, a repeated measure ANOVA was used with Group as a between-subject factor,

and Word length (words with two vs. three syllables) as a within-subject factor.

3.2. Results
3.2.1. Psychometric tests

The NM group scored higher (M = 4.32 & 3.25) than the CTL group (M = 2.65 +
2.37) on the GSQS, but the difference was not significant (t34 = 1.74, p = 0.086). STAI-
T scores were significantly higher in the NM group (M = 45.63 + 8.97 vs. M =38

11.8; te =2.19, p = 0.036).

3.2.2. Color-Word Stroop task

In the Color-Word Stroop task a significant effect of Condition (F23; = 56.07, p
< 0.0001) emerged due to longer reaction times (ms) for Incongruent (M = 797.25 +
105.03) vs. Congruent (M = 717.07 & 103.44; F;34 = 61.96, p < 0.0001) and

Incongruent vs. Control (M = 701.7 + 109.57; F, 34 = 79.85, p < 0.0001) trials. Although



NM subjects were slightly slower in each condition, the effect of Group was not
significant (F23, = 2.04, p = 0.16; F; 3, = 2.18, p = 0.15, respectively). Similarly, the
interaction between Group and Condition did not reach significance. The main effect of
Condition remained significant after controlling for sleep quality (F23; = 18.14, p <
0.0001) or trait anxiety (F2 3 = 4.06, p < 0.027). CTL subjects committed more errors in
the Incongruent condition compared to NM subjects (M = 2.12 £ 2.5 vs. M = 0.58 &
0.96; F) 34 = 6.2, p = 0.018), while there were no significant differences in the other two

conditions regarding the number of errors.

3.2.3. Emotional Stroop task

In the Emotional Stroop task a significant effect of Valence emerged due to
longer reaction times (ms) in response to negative words than to neutral words (M =
731.93 £ 110.82 vs. M = 709.52 + 110.52; F, 3 = 25.48, p < 0.001). The effect of Group
was also significant (F 34 = 4.18, p = 0.049) because of longer reaction times in the NM
group for both neutral and negative words (Mpewrat = 743.56 £ 113.36; Mnegative =
768.09 + 109.43) compared with the CTL group (Mneutral = 665.12 * 93.87; Myegative =
691.53 + 100.53) (See Figure 2). Contrary to our expectation, the interaction between
Group and Valence was not significant, since both groups were significantly slower in
response to negative than to neutral words (NM: F) ;g = 14.29, p = 0.001; CTL: Fii6 =
11.39, p = 0.004). After controlling for the effects of sleep quality, the effects of
Valence (Fi3; = 8.43, p = 0.007) and Group (Fi33 = 4.96, p = 0.033) remained
significant; but after controlling for the effects of trait anxiety the effect of Valence lost
its significance (F33 = 0.09, p = 0.768), while the main effect of Group remained
significant (F; 33 = 4.18, p = 0.049). There were no significant differences regarding the

number of errors between NM and CTL subjects.



3.2.4. Word reading
Neither the main effect of Word length (Fy34 = 0.001, p = 0.974), nor the
interaction between Group and Word length (F 34 = 1.05, p = 0.312) had a significant

effect on response time.

3.3. Discussion of Study 2
In coherence with our previous findings (Study I), results of Study 2
revealed increased reaction times in the NM as compared to the CTL subjects in the
Emotional Stroop task. While in the Emotional Stroop task with mixed design (Study 1)
NM subjects did not show emotional interference, in the blocked version (Study 2) both
groups were characterized by longer reaction times in response to negative stimuli. This
discrepancy suggests that the lack of emotional interference in the NM group of Study !
might have been masked by the influence of negative stimuli on subsequent responses
to neutral trials. Nevertheless, in the blocked version, the NM group exhibited longer
reaction times in response to neutral words as well, showing an overall slowing pattern
in the Emotional Stroop task, irrespective of the emotional nature of the stimuli.
Therefore, contrary to our expectation, NM subjects were not characterized by increased
emotional interference. Moreover, slower reactions for negative vs. neutral words
(emotional interference) in both groups disappeared after the statistical control of trait
anxiety, whereas the overall slowing in NM subjects was independent of poor sleep
quality or trait anxiety.
In contrast to the findings in the Emotional Stroop task, NM subjects were not
characterized by worse performance in the Color-word Stroop task, since mean reaction

times did not significantly differ between the two groups in either condition. Indeed,



CTLs in contrast to NM subjects exhibited more errors in the incongruent condition, the
task requiring enhanced cognitive control in order to suppress the interfering semantic

representation of the color word.

4. Discussion and Conclusions

While in the last decades nightmare disorder was mainly investigated and
substantially characterized from a clinical point of view, the mechanisms and the
neurocognitive aspects of this disorder were only scarcely investigated (Germain and
Nielsen, 2003; Levin and Nielsen, 2007; Nielsen et al., 2010a; 2010b; Spoormaker,
2008). Levin and Nielsen (2009) provided a neurocognitive framework with testable
hypotheses in order to model the mechanism of disturbed dreaming. They proposed that
impaired prefrontal and fronto-limbic functions unable to regulate emotional activation
during REM sleep are one of the crucial aspects of disturbed dreaming. The assumption
of the impaired neural network in NM subjects was derived from the integration of
previous research on emotional information processing in waking and brain imaging
findings on REM sleep (Levin and Nielsen, 2009; Levin and Nielsen, 2007; Nielsen and
Levin, 2007).

In the present studies we applied four different, well-characterized
neuropsychological tasks that were shown to be associated with prefrontal and fronto-
limbic functioning. We hypothesized that impaired prefrontal and fronto-limbic
functions in relation to emotional dysregulation would be reflected in waking tasks as
well, especially in those that require the processing of emotional information.

NM subjects exhibited lower performance in the emotional executive tasks,
reflected by slightly increased response time in the Emotional Go/NoGo task involving

emotional stimuli as distractors, and by increased response time in the Emotional Stroop



task. While the slowing pattern in the Emotional Go/NoGo seemed to be the result of
higher levels of trait anxiety in the NM group, the slowing in the Emotional Stroop task
was not related to anxiety. This latter finding is in coherence with recent findings
indicating that disturbed dreaming is not a “mere symptom” of waking psychopathology
(Coolidge et al., 2010; Lancee et al., 2010; Spoormaker and Montgomery, 2008).
Interestingly, lower performance in NM subjects in comparison with CTLs was
independent of the emotional valence of the stimuli. Nightmare subjects exhibited
longer response times in the Emotional Go/NoGo in case of positive emotional
distractors and also in case of neutral words in the Emotional Stroop task, suggesting
that impaired executive functions were not restricted to the processing of negative
emotional information. These findings resemble earlier results examining executive
functions in the context of affective stimuli in other populations characterized by
emotional dysregulation (Bremner et al., 2004; Waters and Valvoi, 2009; Wingenfeld et
al., 2009).

NM subjects showed impaired performance in the Letter-and Category Fluency
task reflected by slightly lower fluency and a considerably higher number of
perseverations. While the task aims to measure executive functions without involving
emotional components, we suppose that even so, the task may evoke emotional
reactions that might interfere with optimal performance. Although the task is apparently
easy, according to our results it is rather difficult; moreover, subjects may get puzzled
by their unexpectedly low performance. Even though earlier reports suggest that
performance in verbal fluency tasks is not related to conditions of emotional
dysregulation (Airaksinen et al., 2005; Airaksinen et al., 2004; Gruzelier et al., 1988),
we found that fluency was related to higher levels of anxiety. Nevertheless, earlier

investigations reporting the lack of associations between affective processes and fluency



examined populations with severe psychopathological conditions, while our subjects
comprised healthy university students and NM subjects without a prior history of
mental disorders. We speculate that subclinical levels of trait anxiety influenced the rate
of word generation due to performance anxiety and the unexpected difficulties of the
task. However, it is also possible that other uncontrolled factors related to anxiety
influenced task performance. While fluency was associated to trait anxiety, NM subjects
exhibited a higher number of perseveration errors independently of the effects of
anxiety, demonstrating that disturbed dreamers are characterized by prefrontal,
executive deficits (especially dysfunctional inhibitory control).

NM subjects did not exhibit worse performance in the Color-word Stroop task.
This executive task is associated with enhanced activation of the dorsolateral prefrontal
and of the dorsal anterior cingulate cortex (Banich et al., 2000; Bush et al., 2000;
Milham and Banich, 2005; Milham et al., 2002), structures that were not implicated in
emotional regulation and in the mechanism of disturbed dreaming. Moreover, we
speculate that in contrast to the Letter-and Category Fluency task — where subjects have
to generate words aloud, in front of an assistant — the computerized Color-Word Stroop
task does not trigger negative emotional or cognitive reactions due to test or social
anxiety, In line with this assumption, performance in the Color-word Stroop task was
not influenced by trait anxiety scores.

In sum, our results support the assumption of executive dysfunctions in subjects
with frequent nightmares, as evidenced by impaired performance in several
neuropsychological tasks that involve the processing of emotional information, as well
as the regulation of emotional reactions. We should note, however, that the overall
slowing pattern of NM subjects in the Emotional Stroop task calls for further

investigation, since this group was slower in response to neutral stimuli (neutral words)



as well, that apparently do not involve emotional components. In contrast, they were not
impaired in either condition of the Color-word Stroop task. NM subjects might have
been slower in response to the neutral words because of slower word-reading, since
these stimuli were generally longer than the color words (eg. bicycle vs. red). However,
this explanation seems unlikely since response time was not related to word length.
Another explanation is that NM subjects in comparison with controls are more
sensitive to distracting neutral stimuli that elicit a broader network of semantic
associations. Different, emotionally neutral words, such as trumpet, river, novel, mirror,
etc. might elicit a broad range of semantically related representations compared to the
repeating presentation of the words: red, green, blue and yellow. These, “internal
associations” may involve personally relevant semantic representations that interfere
with the representation of the color of the stimuli. We speculate that subjects with
frequent nightmares were more prone to be distracted by the spontaneous generation of
semantic representations elicited by the words presented on the computer screen. This
would partly explain lower performance in the Fluency task as well, since strategic
(letter or category based) word generation relies on the suppression of semantically
related spontaneous representations interfering with the task (Perret, 1974). This is also
consistent with Hartmann and colleagues’ (1991) findings that individuals with thin
boundaries - a psychological construct related to nightmare frequency and to more
bizarre dream images - are characterized by a tendency toward immersion in internally
generated associations and imaginative processes (Hartmann, 1989; Hartmann et al.,
1991; Kunzendorf et al., 1997). While this explanation seems plausible, it is not clear
whether the general slowing may be the result of the above described hyperassociative
process or the emotional context elicited by the self-relevant associations. Therefore,

these considerations require further investigations.



Regarding the limitations of our study we should note that while we applied well
characterized neuropsychological paradigms in order to examine prefrontal and fronto-
limbic functioning in subjects with frequent nightmares, our results are only based on
behavioral data that do not provide a precise picture about the underlying neural
networks that are supposed to be dysfunctional in disturbed dreamers. Brain imaging or
sophisticated electrophysiological methods would facilitate our understanding about
altered fronto-limbic networks in nightmare reporters. Furthermore, examining a student
sample is advantageous because of the relative homogeneity of our subjects, but care
should be taken in generalizing our results to other populations. We should also note
that other uncontrolled psychological variables such as depression might underlie the
general slowing in the NM group. And finally, while we controlled for subjective sleep
quality; more objective measures (eg. polysomnography) of sleep architecture would be
necessary in order to rule out the possible confounding effects of disrupted sleep on
information processing.

In spite of these limitations, to the best of our knowledge this is the first
investigation examining neuropsychological functions in subjects with frequent
nightmares, and providing empirical data regarding the neurocognitive aspects of

disturbed dreaming.
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Figure Captions

Figure 1. Reaction times in the mixed design Emotional Stroop task by Group and
Valence (neutral vs. negative stimuli).

The NM group was significantly slower in both conditions (p = 0.002). While in the
CTL group a significant difference occurred in response to neutral and negative words
(p <0.0001), the NM group did not differ in those (p = 0.71).

Figure 2. Reaction times in the block design Emotional Stroop task by Group and
Valence (neutral vs. negative stimuli).

The NM group was significantly slower in both conditions (p = 0.049). In both groups
subjects responded significantly slower to negative words (CTL: p = 0.004; NM: p =
0.001).



Tables

Independent Dependent Variables F - value Significance
Variables
Group Fluency 3.39 p=0.07
Perseveration 7.3 p = 0.009
STAI-T Fluency 6.04 p=0.017
Perseveration 0.56 p=0.46
GSQS Fluency 0.57 p=10.46
Perseveration 0.26 p=10.61

Table 1. Results of the Multivariate Analysis of Variance of the Letter-and Category Fluency
Task. Tests of between-subjects effects. Independent variables: Group (NM = 1, CTL = 2),
STAI-T (Spielberger Trait Anxiety Inventory), GSQS (Groningen Sleep Quality Scale).
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